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THE E20 WIDE BAND PICK-UP ELECTRODE 

This  e l e c t r o d e  i s  a 7-1/2 i n .  diameter ,  12 i n .  long cy l inde r  loca ted  

i n  t h e  forward h a l f  of t h e  upstream chamber a t  E20. Externa l  connect ion 

i s  made by a feed' through loca ted  . .- i n  a . .  r e - e n t r a n t  . . .  cy l inde r  - . .- of  = . - 4 . i n .  . . . i n  . . . d i a l  
meter t h a t  pene t r a t e s  t o  w i t h i n  2 cm of t h e  c e n t e r  of t h e  e l ec t rode .  Pre- 

v ious ly  t h e  e l e c t r o d e  w a s  connected t o  an  8233 tube  which drove about 400 f t  

of type  C-3T t r a n s r a d i o  cab le  (Zo = 196 a) .  
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See drawing D06-E139. 

This  c a b l e  had a n  a t t e n u a t i o n  of 1.9 dB/100 f t  a t  100 Mc which repre-  

sen ted  t h e  primary bandwidth l i m i t a t i o n  (see AGS I n t e r n a l  Report HH/HJH-1, 

9/28/61). Another l i m i t a t i o n  of t h e  o ld  system w a s  t h a t  of s a t u r a t i o n  i n  

t h e  neighborhood of t r a n s i t i o n  as t h e  AGS peak i n t e n s i t y  increased .  This  

can  be seen as fol lows;  t h e  vo l t age  induced on t h e  e l e c t r o d e  i s  given by 

v = h & / C  

where X i s  t h e  charge per  u n i t  l ength ,  4, t h e  e f f e c t i v e  length  of  t h e  e l e c t r o d e  

and C i t s  capac i ty  t o  ground. 

bunch length.  

charge dens i ty  a t  t r a n s i t i o n  t h e  peak l i n e  charge dens i ty  w i l l  be  3 x 10 

protons/meter .  .Taking 4, = 1 /3  meter and C = 50 Ppf w e  o b t a i n  a peak s i g n a l  of 

320 v o l t s  f o r  1.2 x loL3 protons o r  32 v o l t s  a t  1.2 x lo1'. 
bunching r a t i o  i s  15 ins t ead  of 20 w e  would have 24 v o l t s  peak a t  1.2 x 10 

which i s  enough t o  overdr ive  t h e  c i r c u i t  shown i n  D06-E139. 

It i s  assumed t h a t  4 i s  small compared t o  t h e  

I f  w e  assume lo1' protons/bunch and a 2O:l peak t o  average 
11 

Even i f  t h e  maximum 
12 

I n  order  t o  minimize t h e  bandwidth l i m i t a t i o n  due t o  t h e  s i g n a l  cab le  75 

ohm alumifoam (Times Wire and Cable AM7578PJ) cab le  was run  i n  several yea r s  
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ago but  never used. This  cab le  has  an  a t t e n u a t i o n  of .53 dB/100 f t  a t  100 M c  

and 400 f t  of it would g ive  3 dB loss  a t  about 175 Mc. It was not clear how 

t o  bes t  make u s e  of t h i s  increased  bandwidth s i n c e  another  l i m i t a t i o n  of t h e  

t u b e  c i r c u i t  a s i d e  from t h e  s a t u r a t i o n  e f f e c t  were t h e  problems inhe ren t  i n  

ob ta in ing  a c l e a n  wide band response.  

considered with t h e  idea  of  p u t t i n g  t h e  e l e c t r o n i c s  a t  t h e  end of t h e  400 f t  

of  cab le  r a t h e r  than  only a few meters away. 

m 
3 The scheme of G. Schneider was a l s o  132 

F i n a l l y ,  however, a completely pas s ive  method was t r i e d  out .  Since t h e  

induced s i g n a l  i s  q u i t e  l a r g e  i n  t h e  r eg ion  of  i n t e r e s t  ( t r a n s i t i o n  and beyond) 

and a H e w l e t t  Packard 183 scope wi th  250 M c  of bandwidth a t  10 mV/cm was a v a i l -  

a b l e  f o r  wide band observa t ion ,  a simple RC compensated a t t e n u a t o r  was con- 

s t r u c t e d  t o  d r i v e  t h e  75 ohm cable .  This  c o n s i s t s  of a 10 K 1 /4  w a t t  carbon 

f i l m  r e s i s t o r  forming t h e  lead  from t h e  PUE t o  t h e  vacuum feed through. 

a t e l y  o u t s i d e  t h e  vacuum a 75 ohm r e s i s t o r  p a r a l l e d  wi th  a 56 ppf f i x e d  and a 

4-30 Mp,f v a r i a b l e  c a p a c i t o r  were connected t o  t h e  feed through. Also a f f i x e d  

t o  t h e  l a t t e r  was a 75 ohm type  N connector.  The nominal a t t e n u a t i o n  he re  i s  

2 6 7 : l  with  t h e  s t r a y  capac i ty  a c r o s s  t h e  10 K r e s i s t o r  being compensated wi th  

t h e  v a r i a b l e  capac i to r .  

meter and d r i v i n g  t h e  e l e c t r o d e  d i r e c t l y  up t o  50 Mc. 

Immedi- 

This  w a s  ad jus t ed  using a H e w l e t t  Packard vec to r  v o l t -  

Since t h e  input  impedance of t h e  183 i s  50 0 one must put  25 R i n  series 

wi th  t h e  scope t o  match t h e  cable .  Peak s i g n a l s  a t  t r a n s i t i o n  of  250 mV a t  

3 x 10l2  have been observed. It should a l s o  be pointed out  t h a t  wi th  t h i s  

method one has  q u i t e  adequate  low frequency response s i n c e  t h e  RC i s  10 

IO-'' = .5 ps o r  f w  

and t h e  bunch frequency 12 f o  = 4.45 Mc. 

4 x 5 x 

320 K c .  The maximum r o t a t i o n  frequency being 3 7 1  Kc 

The increased  bandwidth c a p a b i l i t y  of t h i s  system w a s  immediately apparent  

when t h e  s i g n a l  w a s  observed i n  t h e  neighborhood of  t r a n s i t i o n .  A s t rong  r ing -  

i ng  a t  500 M c  was seen a long  wi th  a weaker resonance a t  250 Mc which seems t o  be 

p re sen t  from t h e  neighborhood of t r a n s i t i o n  t o  t h e  end of t h e  a c c e l e r a t i o n  cyc le .  

It w a s  r e l a t i v e l y  easy t o  remove t h e  500 M c  r i n g i n g  from t h e  observed s i g n a l  by 

us ing  a 200 Mc low pass  f i l t e r  borrowed from t h e  Linac Group. However, i t s  

a t t e n u a t i o n  a t  250 M c  i s  not  s u f f i c i e n t  t o  suppress  t h a t  component and t h i s  

reduces t h e  present  usefu lness  of  t h e  wide band e l e c t r o d e  s i g n a l .  

T t  i s  planned t o  o b t a i n  a 176 Mc low pass  Tschebyeff f i l t e r  which has  a t  

least 40 dB a t t e n u a t i o n  a t  250 Mc. Also dur ing  t h e  win te r  shutdown t h e  chamber 

w i l l  be  removed and t h e  n a t u r e  of t h e  resonances s tud ied .  



r - 3 -  

References 

1. H.H. U m s t a t t e r ,  "On t h e  Transmission of S igna ls  by t h e  Wide Band Pick-Up 

Station:' CERN, MPS/Int. SR 68-2. 

2. H.H. U m s t a t t e r ,  "The Miminum Length and Shape of Proton Bunches a t  Trans i -  

t i o n  a t  High and Low Beam In t ens i ty , "  CERN, MPS/SR Note 69-11. 

3 .  G. Schneider,  "Method For Ultra Wide Band Pick-Up S igna l  Tranmission With- 

out  Active E l e c t r o n i c  Elements Near t h e  Capac i t ive  Electrodes,"  CERN MPS/ 

I n t .  SR 69-1. 

. -  - 

D i s t r .  Dept-% Admin. - . . . - . - _. _ _  
AGS Divis ion  P h y s i c i s t s  & Engineers 


